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Description 
TECHNICAL RELD 

5 [0001 ] The present invention relates to novel lipolytic enzymes. More specif tcally the Invention provides novel lipolytic 
enzymes derived from Fusarium culmorvm. 

BACKGROUND ART 

10 [0002] Lipolytic enzymes find multiple industrial applications. Alkaline lipases are of particular interest for use in 
detergent compositions. 

[0003] Alkaline lipases of microbial origin have been described, including lipases obtained from Fusarium, However, 
l^>ases obtained from Fusarium culmorum have never been disclosed. 

15 SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to provide novel alkaline lipolytic enzymes (EC 3.1 .1 .3). 
[0005] Accordingly, in Its first aspect, the invention provides a lipolytic enzyme derived from Fusarium culmorum. 
[0006] The enzyme has a pH optimum in the range of from about 7 to about pH 9, more specifically around pH 8, 
20 when detemnined at 30*'C with tributyrine as substrate. 

[0007] The enzyme has the following N-terminal amino acid sequence (cf. SEC ID N0:1 ): 

AlarVaJ-Ser-Val-Ser-Thr-Thr-Asp-Phe-Gly-^rt4*he-Lys-Phe-T 
His-Gly-Ala-Ala-Ala-Tyr-Xaa-Asrv 

[0008] 1 n its second aspect, the invention provides a process for the preparation of the lipolytk; enzyme, which process 
comprises cultivation of a lipase producing strain of Fusarium culmorum in a suitable nutrient nr^ium, containing 

30 carbon and nitrogen sources and other inorganic salts, followed by recovery of the lipolytic enzyme. 

[0009] In its third aspect, the invention provides a process for the preparation of the lipolytic enzyme, whk:h process 
comprises isolating a DNA fragment encoding the lipolytic enzyme; combining the DNA fragment with an appropriate 
expression signal in an appropriate plasmtd vector, introducing the ptasmid vector into an appropriate host either as 
an autononnousty replfcating plasmkJ or integrated into the chromosome; cultivating the host organism under conditions 

35 leading to expression of the lipolytic enzyme; and recovering of the enzyme from the culture rftedium. 

[0010] In further aspects, the inventbn provides detergent compositions, as well as a detergent additives, comprising 
. the lipolytic enzyme of the invention. 

[0011] Finally, the Invention provides a biologically pure culture of the strain Fusarium culmorum CBS 513.94. 
40 DETAILED DISCLOSURE OF THE INVENTION 
The Microorganism 

[0012] The invention provides lipolytic enzymes derived from a strain of the fungus Fusarium culmorum. Fusarium 
4S culmorum is a known species and strains of Fusarium culmorum have been deposited and are publicly available from 
depositary institutes, e.g. Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM), Gerrhany, and 
American Type Culture Collection (ATCC), U.S.A. 

[001 3] In a preferred embodiment the invention provides a lipolytic enzyme derived from the strain Fusarium culmo- 
rum DSM 1094, Fusarium culmorum DSM Fusarium culmorum 62184, Fusarium culmorum DSM 62188, Fusarium 

so cti/morum DSM 62191 , Fusarium culmorum DSM 62223. Fusarium culmorum ATCC 12656. Fusarium culmorum PiJCC • 
15620, Fusarium culmorum fierce 16430, Fusarium culmorum JKTCC ^655^, Fusarium culmorum PJCC 26556. Fusar- 
ium culmorum fi^CCZAQ^O, FusariumcutmorumfiJCCM9^3, Fusarium culmorvm fiJCC 36017, Fusarium culmorum 
ATCC 36879, Fusarium culmorum ATCC 36881 , Fusarium culmorum ATCC 368B6. Fusarium culmorum ATCC 4441 7, 
Fusarium culmorum ATCC 46040, Fusarium culmorum ATCC 56088. Fusarium culmorvm ATCC 56089, Fusarium 

S5 culmorum ATCC 60275, Fusarium culmorum ATCC 60362, Fusarium culmorum ATCC 62214. Fusarium culmorum 
ATCC 6221 5, or Fusarium culmorum ATCC 64075. or a mutant or a variant thereof. 
- [0014] In its most preferred embodiment the invention provides a lipolytic enzyme derived from the strain Fusarium 
culmorum CBS 513.94, or a muant or a variant thereof. This strain has been deposited according to the Budapest 
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Treaty on the International Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure at 
Centraalbureau Voor Schlmmelcultures (CBS), Oosterstraat 1 . Postbus 273, NL-3740 AG Baarn. Netherlands: on 25 
October 1994. 

[0015] In another aspect, the invention provides a biologically pure culture of the strain Fusarium cuimorum CBS 
5 513.94. 

Physico-chemical Properties 

[0016] In preferred embodiments, the lipolytic enzyme of the invention may be characterized by having one or more 
10 of the following physico-chemical properties. 

[0017] The enzyme has a molecular weight of 28.4 kOa, as detemnined by mass spectrometry. 

Preparation of the Lipolytic Enzyme 

IS [0018] The lipolytic enzyme of the invention may be produced by cultivation of a strain of Fusarium cuimorum in a 
suitable nutrient medium, containing carbon and nitrogen sources and inorganic salts, followed by recovery ol the 
lipase. In a prefenred embodiment, the lipase producing strain is the strain Fusarium cuimorum CBS 51 3.94, or a mutant 
or a variant thereof, 

[0019] The lipolytic enzyme may also be obtained by recombinant DNA-technology by nr>€thods known in the art per 
20 se, e.g. isolating a ONA fragment encoding the lipase, combining the DNA fragment with appropriate expression signal 
(s) in an appropriate vector, introducing the vector or parts thereof into an appropriate host, either as an autonomously 
replcating plasmid or integrated into the chromosome, cultivating the host organism under conditions leading to ex- 
pression of the lipase, and recovering the lipase from the culture medium. 

[0020] In preferred embodiments of the invention, the host organism is of bacterial origin, preferably a strain of 
25 Escherichia colt, or a strain of Bacillus, or a strain of Streptomyces, or of (ungal origin, preferably a strain of Aspergillus, 
a strain of Neurospora, a strain of Fusarium, or a strain of Thchoderma, or a yeast cell, preferably a strain of Saccha- 
romyces, or a strain of Kluyveromyces, or a strain of Hansenula, or a strain of Pichia. 

[0021] After the cultivation, the lipolytic enzyme may be recovered and purified from the culture broth by conventional 
methods, such as hydrophobic chromatography, ion exchange chromatography or combinations thereof. 

30 

Lipolytic Activity 


[0022] The lipolytic activity may be determined using tributyrine as substrate. This method is based on the hydrolysis 
of tributyrin by the enzyme, and the alkali consumption is registered as a function of time. 
35 [0023] One Lipase Unit (LU) is defined as the amount of enzynoe whch, under standard conditions (i.e. at SCO'^C; 
pH 7.0; and tributyrine as substrate) liberates 1 nmol titratable butyric acki per minute. Gum Arabic is used as emulsifier. 
[0024] A folder A F 95/5 describing this analytical method in more detail is available upon request to Novo Nordisk 
A/S, Denmark, which folder is hereby included by reference. 

40 Detergent Compositions 

[0025] The lipolytic enzyme of the invention may typcaily be a component of a detergent composition. As such, it 
may be included in the detergent composition in the form of a non -dusting granulate, a stabilized liquid, or a protected 
enzyme. Non-dusting granulates may be produced, e.g.. as disclosed in US 4,108.991 and 4,661.452 (both to Novo 
<5 Industri A/S) and may optionally be coated by methods known in the art Examples of waxy coating materials are poly 
(ethylene oxide) products (polyethyleneglycol, PEG) with mean molecular weights of 1000 to 20000; ethoxylated no- 
nylphenols having from 16 to 50 ethylene oxide units; ethoxylated fatty alcohols in which the ateohol contains from 12 
to 20 carbon atoms and in which there are 15 to 80 ethylene oxide units; fatty alcohols: fatty adds; and mono- and di- 
and triglycerides of fatty adds. Examples of fitm-fomning coating materials suitable for application by flukJ bed tech- 
no niques are given in patent GB 1483591 . Liquid enzyme preparations may, for instance, be stabilized by adding a polyol 
such as propylene glycol, a sugar or sugar alcohol, lactic add or boric add according to established methods. Other 
enzyme stabilizers are well known in the art. Protected enzymes may be prepared according to the method disctosed 
in EP 238.21 6. 

£0026] The detergent composition of the invention may be in any convenient fomi, e.g. as powder, granules, paste 
55 or liquki. A liquid detergent may be aqueous, typically containing up to 70% water and 0-30% organic solvent, or 
nonaqueous. 

- [0027J The detergent composition comprises one or more surfactants, each of which may be anionic, nonionic. cat- 
ionfc. or zwitterionic. The detergent will^ usually contain 0-50% of anionic surfactant such as linear alkylbenzenesul- 
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fbnate (LAS), atpha-olefinsutfonate (AOS), alkyi sulfate (fatly alcohol sulfate) (AS), abohol ethoxysulfate (AEOS or 
AES). secondary alkanesulfonates (SAS), atpha-sulfo fatly acid methyl esters, alkyI- or alkenylsuccinic acid, or soap. 
It may also contain 0-40% of nonionic surfactant such as alcohol ethoxylate (AEO or AE), carboxyiated alcohol ethox- 
ylates, nonylphenol ethoxylate, alkylpolyglycoside, alkyidimethylamine oxide, ethoxylated fatty add monoethanola- 
mide, fatty acid monoethanolanmde, or polyhydroxy alkyI fatty acid amide (e.g. as described in WO 92/06154). 
[0028] The detergent composition may additionally comprise one or more other enzymes conventionally used in 
detergent compositions, such as an amylase, a cutinase, a protease, a cellulase, a peroxidiase. and/or an oxidase. 
[0029] The detergent may contain 1 -65% of a detergent buikJer or complexing agent such as zeolite, diphosphate, 
triphosphate, phosphonate. citrate, nitrrlotriacetic acW (NtA). ethylenediaminetetraacetic acid (EDTA), diethylenetri- 
aminepentaacetic acid (DTMPA). alkyI- or alkenylsuccinic acid, soluble silicates or layered silicates (e.g. SKS-6 from 
Hoechst). The detergent may also be unbuilt, i.e. essentially free of detergent builder 

[0030] The detergent nnay comprise one or more polymers. Examples are carboxymethylceliulose (CMC), poly(vi- 
nylpyrrolidone) (PVP). polyethyleneglycol (PEG), poly(vtnyl ateohol) (PVA), polycarboxylates such as polyacrylates. 
maleic/acrylk: acid copolymers and Jauryl methacrylate/acrylic acid copolymers. 

[0031] The detergent may contain a bleaching system which may comprise a H2O2 source such as perborate or 
percarbonate which may be combined with a peracid-forming bleach activator such as tetraacetyiethylenediamine 
(TAED) or nonanoytoxybenzenesulfonate (NOBS). Alternatively, the bleaching system may comprise peroxyacids of. 
e.g., the amide, imide, or sulfone type. 

[0032] The enzymes of the detergent composition of the invention may be stabilized using conventional stabilizing 
agents, e.g. a potyol such as propylene glycol or glycerol, a sugar or sugar ateohol, lactic acid, boric acid, or a boric 
acid derivative such as, e.g.. an aromatic borate ester, and the composition may be formulated as described in. e.g., 
WO 92/1 9709 and WO 92/1 9708. 

[0033] The detergent may also contain other conventional detergent ingredients such as, e.g., fabric conditioners 
including clays, foam boosters, suds suppressors, anti-corrosion agents, soil-suspending agents, anti-soil-redeposition 
agents, dyes, bacierickles, optical brighteners, or perfume. 

[0034] The pH (measured in aqueous solution at use concentration) will usually be neutral or alkaline, e.g. in the 
range of 7-11. 

[0035] Particular forrris of detergent connpositions within the scope of the invention include: 


1) A detergent comjaosltion formulated as a granulate having a bulk density of at least 600 g/l comprisirig 


Linear alkytbenzenesutfonate (calculated as acid) 

7-12% 

Alcohol ethoxysulfate (e.g. C^^-^a alcohol, 1-2 EO) or alkyI sulfate (e.g. Ci6-ib) 

1 • 4% 

Alcohol ethoxylate (e.g. 0,4,^5 ateohol. 7 EO) 

5 - 9% 

Sodium carbonate (as NajCOj) 

14-20% 

Soluble silicate (as Na20,2Si02) 

2-6% 

Zeolite (as NaA1Si04) 

15-22% 

Sodium sulfate (as Na2S04) 

0 - 6% 

Sodium crtrate/citric acid 
(asCgHsNaaOT/CsHeOy) 

0-15% 

Sodium perborate (as NaB03.H20) 

11 - 18% 

TAED 

2-6% 

Cartx>xymethylcelluk>se 

0-2% 

Polymers (e.g. malete/acrylic acid copolymer. PVP. PEG) 

0-3% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. suds suppressors, perfume, optical brightener. photobteach) 

0-5% 

A detergent composition formulated as a granulate having a bulk density of at least 600 g/l comprising 

Linear alkylbenzenesulfohate (cateulated as acid) 

5-11% 


Alcohol ethoxysulfate (e.g. C^g.is alcohol. 1 -2 EO or alkyI sulfate (e.g. C^s.^^ 

1-3% 
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(continued) 


Alcohol ethoxylate (e.g. C^^^j alcohol, 7 EO) 

5-9% 

Sodium carbonate (as Na2C03) 

15-21% 

Soluble silicate (as Na20,2Si02) 

1 - 4% 

Zeolite (as NaA 18104) 

24 - 34% 

^A^iimn ^ff ilf A \ 

oouium suiiaie ^as rNa2oU4) 

4-10% 

Sodium citrate/citric acid 
(as CeHsNaaOT/CgHeOy) 

0-15% 

Carboxymethylcellulose 

0-2% 

Polymers (e.g. maletc/acrylic acid copolymer, PVP, PEG) 

1 -6% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. suds suppressors^ pertume) 

0 - 57o 


3) A detergent composition formulated as a granulate having a bulk density of at least 600 g/I comprising 


Unear alkylbenzenesulfonate (calculated as acid) 

5 - 9% 

AteOTTOl ethoxylate (e.g. Cig-is alcohol, 7 EO) - - 

7-14% 

Soap as fatty acid (e.g. 0^3.22 acid) 

1 - 3% 

Sodium carbonate (as NajCOj) 

10- 17% 

Soluble silicate (as Na20.2Si02) 

3 - 9% 

Zeolite (as NaA1Si04) 

23 -33% 

Sodium sulfate (as Na2S04) 

0 - 4% 

Sodium perborate (as NaB03.H20) 

8-16% 

TAED 

2 - 8% 

Phosphonate (e.g. EDTMPA). 

0-1% 

Carboxymethyk^eilulose 

0 - 2% 

Polymer^ (e.g. maleic/acrylic acid copolymer, PVP, PEG) 

0-3% 

Enzymes (cateulated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. suds suppressors, perfume, optcal brightener) 

0 - 5% 


4) A detergent composition fonmulated as a granulate having a bulk density, of at least 600 g/I comprising 


Linear alkylbenzenesulfonate (calculated as acid) 

8-12% 

Ateohol ethoxylate (e.g. C^g.^j alcohol, 7 EO) 

10-25% 

Sodium carbonate (as NagCOa) 

14-22% 

Soluble silicate (as NagO^SiOg) 

1 - 5% 

Zeolite (as NaA1Si04) 

25 - 35% 

Sodium sulfate (as Na2S04) 

0- 10% 

Carboxynr>ethylcellulose 

0-2% 

Polymers (e.g. malek:/acrylc acid copolymer. PVP, PEG) 

1 - 3% 

j Enzymes (calculated as pure enzyme protein) 

0,0001 - 0,1% 

j Minor ingredients (e.g. suds suppressors, perfume) 

0 - 5% 
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5) An aqueous liquid detergent composition comprising 


Linear alkylbenzenesulfonate (calculated as acid) 

15-21% 

Alcohol ethoxylate (e.g. Ct2.i5 alcohol. 7 EO or C^g-is alcohol, 5 EO) 

12-18% 

Soap as fatty acid (e.g. oleic acid) 

3-13% 

Alkenylsuccintc acid (Ci 2-14) 

0-13% 

Aminoethanol 

8-18% 

Citric add 

2 - 8% 

Phosphonate 

0-3% 

Polymers (e.g. PVP. PEG) . 

0 - 3% 1 

Borate (as B4O7) 

0-2% 

Elhanol 

0-3% 

Propylene g}yc6l 

8-14% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. dispersants. suds suppressors, perfume, optical brightener) 

0 - 5% 


6) An aqueous-structured liquid detergent composition comprising 


Linear allcylbenzenesulfonate (calculated as acid) . 

15-21% 1 

Alcohol ethoxylate (e.g. C^g-is alcohol, 7 EO, or 0^2-15 alcohol. 5 EO) 

3-9% 1 

Soap as fatty acid (e.g. oleic acid) 

3-10% 

Zeolite (as NaA1Si04) 

14-22% 

Potassium citrate 

9-18% 

Borate (as B4O7) 

0-2% 

Carboxymethylcellulose 

0 - 2% 

Polymers (e.g. PEG. PVP) 

0-3% 

Anchoring polymers such as, e.g.. lauryl methacrylate/acrylic acid copolymer; molar ratio 25:1 ; 
MW 3800 

0-3% 

Glycerol 

0 - 5% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients. (e.g. dispersants. suds suppressors, perfume, optical brighteners) 

0 - 5% 


7) A detergent composition formulated as a granulate having a bulk density of at least 600 g/l comprising 


Fatty ak»hol sulfate 

5- 

10% 


Ethoxylated fatty acid monoethanolamide 

3- 

9% 


Soap as fatty acid 

0- 

3% 


Sodium cart^onate (as Na2C03) 

5- 

10% 


Soluble silicate (as Na20.2St02) 

1 - 

4% 


Zeolite (as NaAl S'O^ 

20 

-40% 


Sodium sulfate (as Na2S04) 

2- 

8% 


Sodium pertjorale (as NaBOg.HgO) 

12 

-18% 


JAED 

2- 

7% 
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(continued) 


Polymers (e.g. maleic/acrylic acid copolymer, PEG) 

1 - 5% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. optical brightenen suds suppressors, perfume) 

0 - 5% 


8) A detergent composition formulated as a granulate comprising 


Linear alkylbenzenesulfonate (calculated as acid) 

8-14% 

Ethoxylaled fatty acid monoethanolamide 

5-11% 

Soap as fatty acid 

0 - 3% 

Sodium cartDonate (as Na2C03) 

4-107o 

Soluble silicate (as Na20:2Si02) 

1 - 4% 

j Zeolite (as NaAlSiOJ 

30 - 50% 

Sodium sulfate (as Na2S04) 

3-11% 

Sodium citrate (as CgH^Na307) 

5-12% 

Polymers (e.g. PVR maleic/acrylic acid copolymer, PEG) 

1 - 5% 

Enzymes (calculated as pure enzyme protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. suds suppressors, perfume) 

0-5% 


9) A detergent composition formulated as a granulate comprising 


Linear alkylbenzenesulfonate (calculated as acid) 

6 - 12% 

Nonionic surfactant 

1 - 4% 

Soap as fatty acid 

2-6% 

Sodium carbonate (as Na2C03) 

14-22% 

Zeolite (as NaAISiOJ 

18-32% 

Sodium sulfate (as Na2S04) 

5 - 20% 

Sodium citrate (as C6H5Na307) 

3 - 8% 

Sodium perborate (as N 3603.820) 

4-9% 

Bleach activator (e.g. NOBS or TAED) 

1 - 5% * 

Carboxymethylcellulose 

0-2% 

Polymers (e.g. polycarboxylate or PEG) 

1 - 5% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. optical brightener, perfume) 

0-5% 


10) An aqueous liquid detergent composition comprising 


Linear alkylbenzenesulfonate (calculated as acid) 

15 

-23% 

Afcohol ethoxysutfate (e.g. 0,2-15 alcohol. 2-3 EO) 

8- 

15% 

Ateohol cthoxyiate (e.g. C^j is alcohol, 7 EO. or C^g-is alcohol, 5 EO) 

3- 

9% 

j Soap as fatty acid (e.g. lauric add) 

0- 

3% 

j Aminoethanol 

1 - 

5% 
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Sodium citrate 

5-10% 

Hydrotrope (e.g. sodium toluensulfonale) 

2-6% 

Borate (as B4O7) 

0-2% 

Caiboxymethyteellutose 

0-1% 

Ethanol 

1 -3% 

Propylene gtycol 

2 - 5% 

Enzymes (calculated as pure enzyme protein) 

0,0001 -0.1% 

1 Minor ingredients (e.g. polymers, dispersants, perfume, optical brighteners) 

0 - 5% 


11) An aqueous liquid detergent composition comprising 


Linear allcylbenzenesutfonate (calculated as acid) 

20 - 32% 

Alcohol ethoxylate (e.g. 0^2-15 alcohol. 7 EO, or C^2-^5 atcohol 5 EO) 

6-12% 

Aminoethanol 

2 - 6% 

Citric acid 

8- 14% 

Borate (as B4O7) 

1 - 3% 

Polymer (e.g. maleic/acrylic acid copolymer, anchoring polymer such as, e.g., lauryt methacrytate/ 
acrylic acid copolymer) 

0 - 3% 

Glycerol 

3 - 8% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. hydrotropes, dispersants, perfume, optical brighteners) 

0-5% 

12) A detergent composition fomnulated as a granulate having a bulk density of at least 600 9^ comprising . 

Anionic surfactant (linear atkylbenzene-sutfonate. alkyi sulfate, alpha-olerinsuifonate. alpha-sulfo 
fatty acid methyl esters, alkanesulfonates, soap) 

25 • 40% 

No n ionic surfactant (e,g. alcohol ethoxylate) 

1 - 10% 

Sodium carbonate (as Na2C03) 

8 - 25% 

Soluble silicates (as NasO, 2Si02) 

5 - 15% 

Sodium sulfate (as Na2S04) 

0 - 5% 

Zeolite (as NaAl SiOJ 

15-28% 

Sodium perborate (as NaB03.4H20) 

0 - 20% 

Bleach activator (TAED or NOBS) 

0 - 5% 

Enzymes (cateutated as pure enzyme protein) 

0,0001 -0.1% 

Minor ingredients (e.g. perfume, optical brighteners) 

0-3% 


1 3) Detergent formulations as described In 1 ) - 1 2) wherein all or part of the linear alkytbenzenesulfonate is replaced 
by (^la'^ia) ^'^^ sulfate. 

14) A detergent composition formulated as a granulate having a bulk density of at least 600 g/1 comprising 


(C^2"^i8) sulfate 

9-15% 

Alcohol ethoxylate 



3-6% 
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(continued) 


Polyhydroxy alkyi fatty acid amide 

1 - 

Zeofite (as NaAlSIO^ 

1 w /o 

Layered disilicate (6.9. SK56 from Hoechst) 


Sodiunn carbonate (as N 3^003) 


Sotuble sHk^ate (as Na20^Si02) 

0 - 6% 

Sodium citrate 

4-8% 

Sodium percartonate 

13 - 22% 

TAED 

3 - 8% 

Polymers (e.g. polycarboxylates and PVP= } 

0 - 5% 

Enzymes (calculated as pure enzyme protein) 

0-0001 - 0.1% 

Minor ingredients (e.g, optical bnghlener photo bleach, perfunr>e, suds suppressors) 

0 - 5% 


15) A detergent composition fonnulated as a granulate having a bulk density of at least 600 g/l comprising 


(^i2~^i8) sulfate 

4 - 8% 

Alcohol ethoxylate 

11 - 15% 

Soap 

1 - 4% 

Zeolite MAP or zeolite A 

35 - 45% 

Sodium carbonate (as Na2C03) 

2 - 8% 

Soluble silicate (as Na20,2Si02) 

0-4% 

Sodium percarbonate 

13-22% 

TAED 

1 • 8% 

Carboxymethyl cellulose 

0-3% 

Polymers (e.g. polycarboxylates and PVP) 

0-3% 

Enzymes (calculated as pure enzyme protein) 

0.0001 -0.1% 

Minor ingredients (e.g. optical brightener. phosphonate, perfume) 

0 - 3% 


40 1 6) Detergent formulations as descraied in 1 ) - 1 5) which contain a stabilized or encapsulated peracid. either as 

an additional component or as a sut>stitute for already specified bleach systems. 

17) Detergent compositions as described in 1), 3). 7), 9) and 12) wherein perborate is replaced by percarbonate. 

43 18) Detergent compositions as described in 1),3). 7), 9), 12). 14) and 15) whch additionally contain a manganese 

catalyst. The manganese catalyst may, e.g. , be one of the compounds described in "Eff idenl manganese catalysts 
for low-temperature bleaching". Nature 369, 1994, pp. 637-639. 

19) Detergent composition formulated as a nonaqueous detergent liqukj comprising a liqukJ nonionic surfactant 
50 such as. e.g., linear alkoxylated primary afcohol, a builder system (e.g. phosphate), enzyme and aikaG. The de- 

tergent may also comprise anionic surfactant and/or a bleach system. 

[0036] The lipolytic enzyme of the invention may be incorporated in concentrations conventionally empk)yed in de- 
tergents. It is at present contemplated that, in the detergent composition of the invention, the l^ase may be added in 
55 an amount corresponding to 0.001 -1 00 mg of. lipase per liter of wash liquor 
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20 


EXAMPLES 

[0037] The invention is further illustrated with reference to the following examples which are not intended to be in 
any way limiting to the scope of the invention as claimed. 

Example 1 

Cultivation Example 

[0038] Seed cultures of the strain Fusarium culmorvm CBS 51 3.94 were produced in 500 ml shakef tasks containing 
100 ml of the following composition : 


Com steep liquer (dried) 

12grt 

Glucose 

24g/I 


[0039] To each flask is added 0.5 g CaC03 and 0.5 ml of oil. 
[0040] pH is adjusted to 5.5 before autoclavation. 

[0041] After 3 days at 26''C and 250 rpm. 5 ml of each of the seed cultures were inoculated in shakeflasks containing 
100ml of the following medium: 



Pepton, Difco 0118 

6g/! 


Pepttcase, Sheffield Products 

4gfl- 


Yeast extract, Difco 01 27 

3gfl 

25 

Meat extract, Difco 0126 

1-5 g/l 


Dextrose, Roquette 101-0441 

1g/I 


Olive oil. Sigma 

lOgfl 


[0042] pH is adjusted to 7.3-7.4 before autoclavation. 

[0043] Cultivation took place for 9 days at 26" C and 250 rpm. The broths were centrifuged and the supematants 
purified on a hydrophobic matrix (TSK gel Butyl-ToyoPeari 650 C column, available firom Tosoh Corporation, Japan), 
and applied for further studies. 

Example 2 

Characterization Example 


40 


45 


so 


55 


pH Optimum 

[0044] The supernatant obtained according to Example 1 was subjected to the LU method for determining lipase 
activity descn*bed above, and the relation between pH and lipase activity of the lipolytic enzyme of the invention was 
determined at 30°C in the range of from pH 6 to pH 10. 

[0045] The results of this characterizatk>n is presented in Fig. 1 . The lipolytic enzyme has its pH optimum in the 
range of from about pH 7 to about pH 9. more specifically around pH 8. 

Molecular Weight Determination 

[0046] Mass spectrometry was done using matrix assisted laser desorptlon iontsation time-of flight (MALDI-TOF) 
mass spectrometry in a VG Analytical TofSpec. For mass spectrometry, 2 ^tl of sample obtained according to Example 
1 were mixed with 2 \i\ saturated matrix solution (a-cyancHt-hydroxycinnamic add in 0.1% TFA:acetonitrile (70:30)), 
and 2 p.1 of the mixture spotted onto the target plate. Before introduction into the mass spectrometer the solvent was 
removed by evaporation. The sample was desorbed and ionised by 4 ns laser pulses (337 nm) at threshold laser power 
and accelerated into the field-free flight tube by an accelerating voltage of 25 kV. tons were detected by a mk:ro channel 
plate set at 1 850 V. The spectra were cattorated externally with proteins of known mass. 
[0O47] A mass of 28.4 kDa was detemnined. 
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N-lerminal Amino Acid Sequence 

[0048) Using standard methods for obtaining and sequencing peptides [Findlay & Geisow (Eds.) (1989); Protein 
sequencing - a practicai approach; IRL PressJ, the following 25 N-temninat amino acid residues of the lipolytic enzyme 
have been identified, as presented by SEQ ID N0:1 (where Xaa designates an unknown amino acid residue): 

Ala-Val-Ser-Val-Ser-Thr-Thr-Asp-Phe-GIy-AsrvPhe-Lys-Phe-Tyr-lle 
Hls-Gly-Ala-Ala-Ala-Tyr-Xaa-Asn- 

Example 3 
Lipolytic Activity 

[0049] Using a monolayer equipment (KSV-5000, KSV Instruments, Finland) it has been demonstrated that the lipo- 
lytic enzyme from Fusarium culmorvm h^s considerably increased activity towards dicaprin in presence of long chained 
alcoholethoxyiates. 

[0050] A mixed monolayer in a well defined overall composition,. made of a diglyceride substrate and a monocom- 
ponent alcoholethoxylale (AEO: Heptaethylene glycol monooctadecyl ether) is spread on an aqueous subphase (10 
mM Glycine, PH^IOX). 0.1 m_M EDTA, 25' C). The surface pressure is adjusted to the desired value, and a well-defined 
amount of enzyme (10 LU; lipase units as defined above) is injected into the sul>phase. Lipolytic action is manifested 
through the speed of a mobile barrier compressing the monolayer in order to maintain constant surface pressure as 
insoluble substrate molecules are hydrolysed into more water soluble reaction products. Using this assay, lipolytic 
enzymes are discriminated by a parameter p indicating the final area-fraction of substrate (dicaprin) left urrfiydrotysed 
by the enzyme as lipolytic activity stops. 

[0051 J In this way. the lipase of the invention was compared to an Aspergillus lipase conventionally used in detergents 
(Lipolase^", available from Novo Nordisk A/S, Denmark). The results are presented in Table 1 , below. 


Table 1 . 


Improved tolerance of lipolytic enzyme from 
Fusarium cutmorum compared to Lipolase™. 


P (30 mN/m)* 

Upolase^** 

Fusahum cutmorum lipase 

57% 
25% 


* Surface pressure employed. 


[0052] These results show that when compared to Lipolase^". the lipolytic enzyme obtained from Fusarium culmorum 
is considerably more efficient when afcpholethoxylates are present in the substrate phase. 

Example 4 
Substrate Affinity 

[0053] A procedure has been developed aiming at a simple comparison of the ability of lipolytic enzymes to accu- 
mulate on/in a substrate phase, (olive oil) at alkaline pH (pH 9.0) and presence of the non-ionic surfactant Dobanol 
25-7 (2500 ppm) in the aqueous phase. 

Procedure 

[0054] 

1. Two identical buffer solutions (5 ml) are prepared in 20 ml scalable vials. ("Sample" (s) and "Reference" (r)). 

2. Enzyme is added into "Sample" and "Reference" and the lipase concentration is detemiined (X LU/ml). 

3. Olive oil is added onto the "Sample" and both lipase solutions are shaken vigorously. Incubation at 4**C over night. 
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4. Remaining lipase concentration in the aqueous phases is determined after incubation (Y^ LU/ml; t=r.s). 
Summary of incubation conditions 
5 [0055] 


Buffer 

100 mM Glycine (5 ml). 

pH 

9.0. 

Substrate 

Olive oil (5 ml). . 

Temperature 


Lipase activity 

5-10 LU/ml. 

Incubation 

Over night (24-26 hours). 


15 Evaluation of data 

[0056] The result is calculated by comparing the activity-loss upon incubation in the aqueous phase in contact with 
olive oil to the activity-loss in the aqueous phase in abserrce of olive oil: 

^ a = Y^Y^ (see above) 

[0057] The results are presented in Table 2, below. . . 


Table 2 


Substrate Affinity 

Lipolytic Enzyme 

a(%) 

Lipolase^** 

Fusarium culmorvm lipase 

99% 
99% 


SEQUENCE LISTING 
[0058] 

(2) INFORMATION FOR SEQ ID NO: 1: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(V) FRAGMENT TYPE: N-terminal 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Fusarium culmorum 

(B) STRAIN: CBS 513-94 

(Ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:101..1433 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 
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Ala Val Ser Val Ser Thr Thr Asp Phe Gly Asn Phe Lys Phe Tyr lie 
1 5 10 15 

Gin His Gly Ala Ala Ala Tyr Xaa Asn 
20 25 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANlSiM 
(PCTRuIc I36u) 


A. Tlie indications made bdow relate to the mjcroorganism refermi to in tbe dcscnpttan 
on page 3 - , line s 9*14 ■ 


B. IDEiNTTIFlCATION OF DEPOSIT 


Fonher depostU are idcsitined on axi additroiul sheet [ | 


Name of depositary inscitutioa 

CENTRAALBUREAU VOOR SCHIMMELCULTURES 


Address of depositary inilituttoa (iachtduig postal cod* ami emntfy) 

Oosterstraat 1, Postbus 273, NL-3740 AG Barn, Nether- 
land 


Date of deposit 

25 October 1994 

Accession Number 

CBS 513.94 

C. ADDITIONAL INDICATIONS f/eoM; blank if mot eppBeabi^ Ibis iaformatioa is continued on an additional sheet |^ 


In respect of those designations in which a European 
and/or Australian patent is sought, during the 
pendency of the patent application a sample of the 
deposited microorganism is only to be provided to an 
independent expert nominated by the person requesting 
the sample (Rule 28(4) EPC / Regulation 3.25 of 
Australia Statutory Rules 1991 No 71) . 


D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ftfiimi^tionTanmotforandaSgttttUdSiota) 


£. SEPARATE FURmsmNG OF INDICATIONS r/mMaia^/u>rAjrp£aij»{e^ 


Tbe indicatioas listed below wrill be submiaed cothe biteroauonal Sorean tzter {specify the geKavtmetttrc^theimtCtcothns e^g^ 'a* 
number of Deposit ') 


For receiving OfDce nse only 


This sheet was received with tbe interns liotul application 


Authorized 


ized officer ^ 

Ame-Grethe Henriksson 
HeadCtefk 


For International Btireau use only 


rn This sheet was received by the International Burcao on: 


Authorized oOtcer 


Form PCr/R a/134 (July 1992) 
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Claims 

1. A lipolytic enzyme, which: 

a) is derived from a strain of Fusarium cufmorum., 

b) has a pH optimum in the range of from about 7 to about pH 9, when detenmined at SC^C with tributyrine as 
substrate, and 

c) has the following N-terminal amino. acid sequence: 

Ala-Val-Ser-Val-Ser-W-W-AspHPhe-Gly-AsrvPhe-Lys-Phe-^ 
Ala-AIa-AIa-Tyr-XaaAsn- 

2. The lipolytic enzyme of claim 1 , which is derived from the strain Fusarium culmorum CBS 51 3.94. 

3. The lipolytic enzyme of claim 1 or 2. which has a molecular weight of 28.4 kDa by mass spectrometry. 

4. A process for the prepariation of a lipolytic enzyme of any of claims 1 -3, which process comprises cultivation of a 
lipase producing strain of Fusarium culmorum in a suitable nutrient medrum, containing carbon and nitrogen sourc- 
es and other inorganic salts, followed by recovery of the lipolytic enzyme. 

5. The process of claim 4. in which the lipase producing strain is the strain Fusarium culmorum CBS 513.94. 

6. A process for the preparation of a lipolytic enzyme according to any of claims 1 -3, which process comprises isolating 
a DNA fragment encoding the lipolytic enzyme; combining the DNA fragment with an appropriate expression signal 
in an appropriate plasmid vector; Introducing the plasmid vector into an appropriate host either as an autonomously 
replicating plasmid or integrated into the chromosome; cultivating the host organism under conditions leading to 
expression of the lipolytic enzyme; and recovering of the enzyme from the culture medium. 

7. The process of claim 6, in which the host organism is of bacterial origin, preferably a strain of Escherichia coli, or 
a strain of Bacillus, or a strain of Streptomyces, or of fungal origin, preferably a strain of Aspergiitus. a strain of 
Neurospora, a strain of Fusarium, or a strain of Trichoderma, or a yeast cell, preferably a strain of Saccharomyces, 
or a strain of Kluyverorrryces, or a strain of Hansenuta, or a strain of Pichia. 

8. A detergent composition comprising the lipolytic enzyme of any of claims 1 -3. 

9. The detergent composition of claim 8, which further comprises one or more other enzyrries, in particular proteases, 
amylases, cetlulases, oxidases, and/or peroxidases. 

10. A detergent additive comprising the lipolytic enzyme of any of claims 1-3, provided in the fonm of a granulate, 
preferably a non-dusting granulate, a liquid, in particular a stabilized liquid, a slurry, or a protected enzyme. 

11. A biologically pure culture of the strain Fusarium culmorum CBS 513.94. 


Patentanspruche 

1. Lipolytisches Enzym, welches: 

a) von einem Fusarium culmorum Stamm abstammt, 

b) ein pH-Optimum in dem Bereich von ungefahr 7 bis ungefahr pH 9 hat. wenn dieser bei 30* C mit Tributyrin 
als Substrat bestimmt wird, und 

c) die folgende N-terminale Aminosauresequenz hat: 
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Ala-Val-Ser*Val-Ser'^Thr-Thr-Asp"Phe-Gly-Asn-Phe-Lys-Phe-Tyr-U 
His-Gly-Ala-Ala-Ala-Tyr-Xaa-Asn- 

2. Lipolytisches Enzym nach Anspruch 1 , welches von dem Stamm Fusarium cutmorvm CBS 51 3.94 abstammt. 

3. Lipolytisches Enzym nach Anspruch 1 oder 2, welches ein Molekulargewicht von 28,4 kOa durch Massenspektro- 
nnetriehat. 

4. Verfahren zur Zubereitung eines lipolylischen Enzynis nach einem der AnsprOche 1 bis 3, dieses Verfahren umfasst 
die Kultivlerung eines Lipaseherstellehden Stamnaes von Fusarium cutmorum in einem geeigneten Nahrmedium, 
welches Kohlenstoff- und Stickstoffquellen und andere anorganische Saize enlhalt, gcfolgt von der Gewinnung 
des lipolytischen Enzyms. 

5. Verfahren nach Anspruch 4, in welchenn der Lipase-herstellende Stamm der Stamm Fusarium cutmorum CBS 

513-94ist 

6. Verfahren zur Zubereitung eines lipolytischen Enzyrns nach einem der AnsprOche 1 bis 3, dieses Verfahren umfasst 
die Isolierung eines DNA- Fragments kodierend fur das lipolytische Enzym; Kombinieren des DNA-Fragments mit 
einem geeigneten Expressionssignals in einem geeigneten Plasmidveklor; Einfuhren des Plasmidvektors in eirien 
geeigneten Wirt e'ntweder als ein sfch autonom replizierendes Plasmid oder integriert in das Chromosom; Kulti- 
vieren des Wirtsorganismus unter Bedingungen, die zur Expression des lipolytischen Enzyms fuhren; und Gewin- 
nung des Enzyms aus dem Kulturmedium. 

7. Verfahren nach Anspruch 6 Jn welchem der Wirtsorganismus bakterteller Herkunfl ist, bevorzugt ein Escherichia 
co/y Stamm oder ein Bacillus Stanrtm oder ein Streptomyces Stamm oder fungaler Herkunft, bevorzugt ein Asper- 
gillus Stamm, ein Neurospora Stamm. ein Fusarium Stamm oder ein Trichoderma Stamm oder eine Hefezelle. 
bevorzugt ein Saccharomyces Stamm oder ein Kluyveromyces Stamm oder ein Hansenula Stanom oder ein Pichia 
Stamm. 

8. Detergens-Zusammensetzung umfassend das lipolytische Enzym nach einem der AnsprOche 1 bis 3. 

9. Detergens-Zusammensetzung nach Anspruch 8, wek;he ferner ein oder mehrere andere Enzyme umfasst, insbe- 
sondere Proteasen, Anrrylasen, Cellulasen. Oxidasen und/oder Peroxidasen. 

10. Detergens-Zusatz umfassend das lipolytische Enzym nach einem der AnsprOche 1 bis 3, bereitgestellt in Form 
eines Granulats, vorzugsweise eines nichtstaubenden Granulats, einer Flussigkeit, insbesondere eine stabillsierte 
Flussigkeit, eines Schlannms Oder eines geschutzten Enzyms. 

11. Biologisch reine Kultur des Stammcs Fusarium culmorum CBS 513.94. 


RevencSications 

1. Enzyme lipolytique, qui : 

a) est d6riv6e rfune souche de Fusarium culmorum, 

b) a un optimum de pH dans le domaine d*environ 7 ^ environ pH 9. quand il est d6termin6 k SO^C avec ta 
tributyrine comnie substrat, et 

c) a la sequence d'acides amines N-terminale suivante : 

Ala-Val-Ser-yal-3er-Thr-Thr-Asp-Phe-Gly-Asn-Phe-Lys- . 
Phe-Tyr-Ile-Gln-His-Gly-Ala-Ala-Ala-Tyr-Xaa-Asn-. . 
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2. Enzyme lipotytique selon la revendication 1 qui est d6rivee de la souche Fusarium cufmorum CBS 513.94. 

3. Enzyme lipolytique selon la revendication 1 ou 2 qui a une masse moleculaire de 28,4 kDa par spectrom^trie de 
masse. 

5 

4. Procede de preparation d'une enzyme lipolytique selon I'une quelconque des revendicalions 1-3, lequel proc6de 
comprend la culture d'une souche de Fusarium cu/morum productrice de lipase dans un milieu nutritif approprie, 
contenant des sources de carbone et d'azote et d'autres seis inorganiques, puis la recuperation de I'enzyme lipo- 
lytique. 

10 

5. Procede selon la revendication 4 ou la souche productrice de lipase est la souche Fusarium cufmorum CBS 51 3.94. 

6. Procede de preparation d'une enzyme lipolytique selon I'une quelconque des revendicalions 1 -3, lequel procede 
comprend I'isolement d*un fragment d'ADN codanl I'enzyme lipolytique, la combinaison du fragment d'ADN avec 

15 un signal d'expression approprie dans un vecteur plasmidique approprie, rintroduclion du vecteur plasmidrque 

dans un hote approprie, sous forme de plasmide k replication autonome ou sous forme integree dans le chromo- 
some, la culture de Torganisme hote dans des conditions conduisant a I'expression de I'enzyme lipotytique, et la 
recuperation de I'enzyme k partir du milieu de culture. 

20 7. proc6d6 selon la revendication 6 ou I'organisme hote est d'origine bact^rienne, de preference une souche de 
Escherichia cofi, ou une souche de Bacilfus. ou une souche de Streptomyces, ou d'origine fongique, de preference 
une souche de Aspergiiius, une souche de Neurospora, une souche de Fusarium, ou une souche de Trichoderma, 
ou une celiule'de levure, de preference une souche de Saccfiaromydes, ou une souche de Kfuyveromyces, ou 
une souche de Hansenufa ou une souche de Pichia. 

25 

8. Composition detergente comprenant I'enzyme lipolytique selon I'une quelconque des revendicalions 1 -3. 

9. Composition d6tergente selon la revendication 8 qui comprend en outre une ou plusieurs autres enzymes, en 
particulier des proteases, des amylases, des cellulases, des oxydases et/ou des peroxydases. 

30 

10. Additif de detergent comprenant Tenzyme lipolytique selon I'une quelconque des revendications 1-3, foumie sous 
forme de granules, de preference de granules ne produisant pas de poussiere, d'un liquide, en particulier d'un 
liquide stabilise, d'une suspension ou d'une enzyme protegee. 

35 11 . Culture btologiquement pure de la souche Fusarium cufmorum CBS 513.94. 
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FIG. 1 
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